The proteins in human hair consist primarily of microfibrillar keratins with a molecular mass of 40-65 kDa and keratin-associated proteins (KAPs) with a molecular mass of 6-30 kDa, according to the results obtained from sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE). Because an effective purification procedure of KAPs has not been established, little is known about the protein chemistry of KAPs as compared with that of keratin. When hair samples were incubated in the Shindai solution containing alcohols such as methanol, ethanol, 1-propanol, 2-propanol, 1-butanol, and 2-methyl-1-propanol, the extraction of KAPs was enhanced, while extraction of keratin was suppressed. Using ethanol, we established a selective purification procedure for KAPs and keratin. According to Tricine/SDS-PAGE, the KAPs fraction contained six polypeptides with molecular masses of 3.5, 4.4, 5.2, 7.8, 15, and 28 kDa. The keratin fraction contained two polypeptides with molecular masses of 45 and 67 kDa and was free of low-molecular-weight components. The amino acid compositions of the KAPs and keratin fractions were mostly in agreement with the values found in the literature. The recoveries of the KAPs and keratin fractions from the hair samples were approximately 10 and 50%, respectively. Scanning electron microscopy (SEM) showed that hair samples retained fine fibrous structures in the cortex after extracting the KAPs and that the additional extraction of keratin caused the fibrous structures to disappear. These results indicated that KAPs may function by surrounding the fibrous structures and supporting the keratin fibers in the cortex. In this study, we propose a novel and convenient isolation procedure for KAPs and keratin from human hair.
We have developed the "Shindai method" to extract proteins from human hair easily and efficiently. This method delivers a high yield of solubilized proteins by using thiourea and urea as denaturants; the recovery was threefold higher than that of the conventional method using urea only [4] . [4, 9] . After incubation for 24 h at 50℃, the samples were centrifuged at 12,000 g for 10 min at 25℃. The supernatants were recovered in test tubes and used to measure protein concentrations and for electrophoresis.
Fractionation of KAPs and keratin
KAPs and keratin were separated by combining reagents including a denaturant, a reductant, and ethanol.
First, the hair fragments were incubated at 50 mg/ml with a "KAPs solution"
consisting of 25 mM Tris-HCl (pH 9.5), h at 50℃. This suspension was also filtered and centrifuged at 12,000 g for 10 min at 25℃, and the supernatant was used as the keratin fraction.
Scanning electron microscopy (SEM)
The morphology of the hair 
Amino acid analysis
The KAPs and keratin fractions were carboxymethylated using iodoacetic acid, hydrolyzed in 6 M HCl for 24 h at 110℃ under a nitrogen atmosphere, and dried by a rotary evaporator. The samples were analyzed on an automated amino acid analyzer (JLC-500/V, JEOL Ltd., Tokyo, Japan).
Results

Effects of alcohol on protein extraction from human hair
In our research on the applications of human hair, nail, and wool proteins, Hair samples were incubated with the extraction solution (#1) containing 25% distilled water (#2, control), 25% ethanol (#3), 25% methanol (#4), 25% 1-propanol (#5), 25% 2-propanol (#6), 25% 1-butanol (#7), and 25% 2-methyl-1-propanol (#8) at 50℃ for 24 h. The solution was recovered and centrifuged at 12,000 g for 10 min at 25℃. The supernatant thus obtained was used to determine the protein concentration (A) and was analyzed by 5-20% SDS-PAGE (B). 
Characterization of KAPs extraction
Of the six types of alcohols that were tested, we selected ethanol for further experimentation because of its high safety profile. The quantities of solubilized protein upon changes in the ethanol concentration in the extraction solution were examined ( Fig. 2A) , and the keratin and KAPs contents were analyzed by SDS-PAGE (Fig 2B) . The total solubilized protein decreased with increasing ethanol concentration. The Table 1 Effects of the solution parameters on the amount of solubilized protein obtained from hair samples.
The standard solution contained 25 mM Tris-HCl (pH 8.5), 25% ethanol, 200 mM DTT, and 8 M urea and was incubated for 50℃ for 24 h. Hair proteins were extracted under varying conditions by changing the reducing agent (DTT and 2-ME), the pH (7.5, 8.0, 8.5, 9.0, and 9.5), and the temperature (30, 40, 50, and 60℃). After centrifugation at 12,000 g for 10 min, the supernatants were used to determine the protein concentration. 
Selective fractionations of KAPs and keratin from human hair
Using the effects of ethanol on protein solubilization from human hair, we attempted to establish a convenient method for the fractionation of KAPs and keratin from human hair (Fig. 3A) .
First, the hair samples (1 g) were cut Fig. 3 Scheme for the fractionation of KAPs and keratin from human hair. Human hair fragments (1 g) were cut with scissors and immersed in 20 ml of the KAPs solution. After incubation for 72 h at 50℃, the solution was filtered and centrifuged at 12,000 g for 10 min, and the supernatant was used as the KAPs fraction (Lane 1). The residue was washed with distilled water and used as KAPs-free hair. The washed hair was further incubated with the Shindai solution at 50℃ for 24 h, to extract the keratin (Lane 2) (A). As a control experiment, human hair was also incubated with the Shindai solution at 50℃ for 24 h, and a mixture of keratin and KAPs was extracted (Lane 3). The protein components were analyzed by Tricine/SDS-PAGE (B). (Fig. 4c) . On the other hand, the cuticle was resistant to these treatments and the structure was maintained [4, 8] .
Discussion
In this study, we established a novel purification method for KAPs and keratin from human hair.
Previously, an alternative isolation 
